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(54) Method of producing a Group III nitride semiconductor crystal 



(57) A seed layer as a laminate of a GaN layer (sec- 
ond seed layer) and an AIN buffer layer (first seed layer) 
is formed on a sapphire substrate. A front surface there- 
of Is etched in the form of stripes with a stripe width (seed 
width) of about 5 ^m, a wing width of about 15 and 
a depth of about 0.5 |xm. As a result, mesa portions each 
shaped like nearly a rectangle In sectional view are 
formed. Non-etched portions each having the seed mul- 
tilayer as its flat top portion are arranged at arrangement 
intervals of L^O ^m. Part of the sapphire substrate is 



exposed in trough portions of wings. The ratio S/W of 
the seed width to the wing width Is preferably selected 
to be in a range of from about 1/3 to about 1/5, Then, a 
semiconductor crystal A Is grown to obtain a thickness 
of not smaller than 50 jim. The semiconductor crystal is 
separated from the starting substrate to thereby obtain 
a high-quality single crystal independent of the starting 
substrate. When a halide vapor phase epitaxy method 
is used in the condition that the V/ill ratio is selected to 
be in a range of from 30 to 80, bothinclusively, a semi- 
conductor crystal free from cracks can be obtained. 
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Description 

[0001 ] The present application is based on Japanese 
Patent Application No 2002-210806, which is Incorpo- 
rated herein by reference, 

BACKGROUND OF THE INVENTION 

1 ■ Field of the Invention 

[0002] The present invention relates to a method for 
obtaining, a good-quality senniconductor crystal inde- 
pendent of a starting substrate by growing a semicon- 
ductor crystal of a Group III nitride compound semicon- 
ductor on the starting substrate. 
[0003] The invention can be applied to production of 
a crystal growth substrate for various kinds of semicon- 
ductor elements, such as an LED. 

2. Description of the Related Art 

[0004] As the related art for obtaining a semiconduc- 
tor crystal independent of a starting substrate by grow- 
ing a semiconductor crystal of a Group Hi nitrido com- 
pound semiconductor on the starting substrate, there 
are generally known: a method using wet etching de- 
scribed in Unexamined Japanese Patent Publication 
No. Hei-7-202265: "Method for Producing Group III Ni- 
tride Semiconductor"; a method in which a sapphire sub- 
strate is removed by laser irradiation, polishing or the 
like after a thick GaN film (target semiconductor crystal) 
is grown on the sapphire substrate by an HVPE method 
or the like; and so on. 

[0005] In the related art, there Is however a problem 

that a large number of dislocations and cracks occur in 
the target single crystal because stress caused by the 
difference In thermal expansion coefficient or lattice 
constant between the starting substrate (e.g., sapphire) 
and the Group 1 1 1 nitride compound semiconductor is ap- 
plied to the target single crystal (e.g., GaN) at the time 
of cooling or the like after the completion of the crystal 
growing step. 

[0006] When, for example, the related art Is used, the 
problem is as follows. When a crystal of a nitride semi- 
conductor such as gallium nitride (GaN) is grown on a 
starting substrate made of sapphire, silicon (Si) or the 
like and then cooled lo the ordinary temperature, a large 
number of dislocations and cracks occur In the nitride 
semiconductor layer because of stress caused by the 
difference in thermal expansion coefficient or lattice 
constant. 

[0007] If a large number of dislocations and cracks oc- 
cur in the growth layer (nitride semiconductor layer) as 
described above, lattice defects or a large number of 
dislocations, deformations, cracks, etc., occur in a de- 
vice when the device is formed on the growth layer. This 
causes deterioration of device characteristic. Moreover, 
when the starting substrate is removed white only the 



growth layer is left as an Independent substrate (crys- 
tal), it is impossible to produce a large-area crystal be- 
cause of the function of the dislocations, cracks, etc. In 
addition, when a thick film is grown, cracks occur in the 
5 target single crystal even during the growth. There aris- 
es very easily the problem that peeling into small pieces 
occurs partially. 

SUMMARY OF THE INVENTION 

10 

[0008] The Invention is developed to solve the prob- 
lem and an object of the invention is to obtain a good- 
quality semiconductor crystal Independent of a starting 

substrate. 

?5 [0009] According to the present invention, there is 
provided a method of producing a semiconductor crystal 

of a Group IK nitride compound semiconductor and in- 
dependent of a starting substrate, the method compris- 
ing: 

laminating a seed monolayer or multilayer on the 
starting substrate; 

chemically or physically etching part of a seed layer- 
forming surface of tho starting substrate to thereby 

25 partially or dispersively leave the seed layer as non- 
etched portions on the starting substrate; 
growing the semiconductor crystal on exposed sur- 
faces of the non-etched portions of the seed layer 
as initial crystal growth surfaces for starting growth 

50 of the semiconductor crystal until the crystal growth 
surfaces are connected to one another by crystal 
growth so as to be provided as at least one series 
of approximately flat surfaces; and 
breaking the non-etched portions to thereby sepa- 

35 rate the semiconductor crystal from the starting 
substrate; 

wherein the crystal growing step is performed by 
a hallde vapor phase epitaxy method in the condition 
40 that supply ratio of a Group V material to a Group ill 
material is in a range of from 30 to 80, both Inclusively. 

DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

45 

[0010] According to the present invention, as first 
means, there is provided a method of producing a sem- 
iconductor crystal as a good-quality semiconductor 
crystal A independent of a starting substrate by growing 

50 asemiconductorcrystalof aGrouplll nitride compound 
semiconductor on the starting substrate, the method in- 
cluding; the seed laminating stop of laminating a seed 
monolayer or multilayer on the starting substrate; the 
non-etched portion forming step of chemically or phys- 

55 ically etching part of a seed layer-forming surface of the 
starting substrate to thereby partially or dispersively 
leave the seed layer as non-etched portions on the start- 
ing substrate; the crystal growing step of growing the 
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semiconductor crystal A on exposed surfaces of the 
non-etched portions of the seed layer as initial crystal 
growth surfaces for starting growth of the semiconductor 
crystal A until the crystal growth surfaces are connected 
to one another by crystal growth so as to be provided 
as at least one series of approxinnately flat surfaces; and 
the separating step of breaking the non-etched portions 
to thereby separate the.semiconductor crystal A from 
the starting substrate; wherein the crystal growing step 
is performed by a halide vapor phase epitaxy method in 
the condition that a so-called V/lll ratio is in a range of 
from 30 to 80, both inclusively. 

[0011] Incidentally, the term "Group III nitride com- 
pound semi conductor*' used herein generally includes 
a semiconductor of any mixed crystal ratio represented 
by the general fomiula "Al^.^.yGaylnxN; 0<x<1, 0<y<1, 
0<1-x-y<1" which includes binary compounds, ternary 
compounds, and quaternary compounds. A semicon- 
ductor containing p-type or n-lype impurities as addi- 
tives also belongs to the category of "Group III nitride 
compound semiconductor*' in this specification. A sem- 
iconductor in which at least part of the Group ill ele- 
ments (such as Al, Ga, and In) are replaced by boron 
(B), thallium (Tl), etc. or at least part of the nitrogen (N) 
is replaced by phosphorus (P), arsenic (As), antimony 
(Sb), bismuth (Bl), etc. also belongs to the category of 
"Group III nitride compound semiconductor"' in this 
specification. For example, magnesium (Mg), calcium 
(Ca) or the like may be added as the p-type impurities. 
For example, silicon (Si), sulfur (S), selenium (Se), tel- 
lurium (Te), germanium (Ge) or the like may be added 
as the n-type impurities. Two or more elements may be 
added simultaneously as these Impurities or the two 
types (p-type and n-type) of impurities may be added 
simultaneously. 

[0012] Examples of the material of the starting sub- 
strate include sapphire, spinel, manganese oxide, gal- 
lium lithium oxide (UGa02), molybdenum sulfide (MoS), 
silicon(Si), silicon carbide (SiC), AIN, GaAs, InR GaP, 
MgO, ZnO, and IVIgAl204. That is, known or optional 
crystal growth substrates useful for crystal growth of 
Group Ml nitride compound semiconductor can be used 
as these starting substrate materials. 
[0013] Incidentally it is more preferable from the point 
of view of reaction with GaN, thennal expansion coeffi- 
cient difference and stability at a high temperature that 
sapphire is selected as the material of the starting sub- 
strate. 

[0014] When a target semiconductor crystal A of a 
Group III nitride compound semiconductor Is grown on 
a starting substrate having a large number of non- 
etched portions, the starting substrate and tho semicon- 
ductor crystal A are connected to each other by only the 
non-etched portions. For this reason, if the thickness of 
the semiconductor crystal A Is made sufficiently large, 
internal or extemal stress can be easily concentrated to 
act on the non-etched portions. As a result, particularly 
the stress acts as shear stress on the non-etched por- 



tions, so that the non-etched portions are broken when 
the stress becomes high. 

[0015] That is, when the stress Is used according to 
the means according to the Invention, the starting sub- 

5 strate and the semiconductor crystal A can be easily 
separated (peeled) from each other. The single crystal 
(semiconductor crystal A) independent of the starting 
substrate can be obtained by this means. 
[0016] Furthermore, when the non-etched portions 

10 are fonned as described above and the semiconductor 
crystal is grown laterally distortion based on the differ- 
ence between the lattice constant of the starting sub- 
strate and the lattice constant of the semiconductor 
crystal A hardly occurs so that the "stress based on the 
difference between the lattice constant of the starting 
substrate and the lattice constant of the semiconductor 
crystal A" is relaxed. Accordingly, when the required 
semiconductor crystal A Is grown, unnecessary stress 
acting on the semiconductorcrystal A during the growth 

20 is suppressed so that the density of occurrence of dis- 
locations and cracks is reduced. 

[0017] Incidentally, the "large number of non-etched 
portions" means that the number of non-etched portions 
is "large" when at least viewed from a vertical section 

25 as shown in Fig. 1 B. The large number of non-etched 
portions may be united into one in plan view. According- 
ly, even in the case where the large number of non- 
etched portions are shaped like rectangular waves or 
precipitous sine waves one-dimensionally united into 

30 one or formed as spirally striped non-etched portions in 
plan view, the function and effect of the Invention can 
be obtained. Furthermore, even in the case where the 
non-etched portions are formed as islands or dots of any 
other plan shapesuch as a nearly circular shape, a near- 

35 ly elliptic shape, a nearly polygonal shape or a nearly 
regular polygonal shape than the striped shape, it is a 
matter of course that the function and effect of the in- 
vention can be obtained. 

[0018] When the starting substrate and the semlcon- 
40 ductor crystal A are separated (peeled) from each other, 
part of the semiconductor crystal A may be left on the 
starting substrate side, or part (e.g., the broken rest of 
the non-etched portions) of the starting substrate may 
be left on the semiconductor crystal A side. That is, the 
45 separating step is not perfonned on the assumption 
(necessary condition) that the respective materials are 
separated so completely that the remains of part of 
these materials are not left. 

[0019] According to the halide vapor phase epitaxy 
50 method in which Group III elements are arranged as 
metal and supplied to a substrate through hydrogen hal- 
ide, very high-speed epitaxial growth can be achieved 
so that a thick film of the semiconductor crystal A can 
be obtained easily. In this case, when the V/lll ratio is 
55 selected to be in a range of from 30 to 80, both inclu- 
sively, the thick film of the semiconductorcrystal A free 
from cracks can be obtained. The term "V/lll ratio" 
means the supply ratio of a Group V material to a Group 



4 



BNSDOCID: <EP 138519eA2_L> 



5 



EP1 385 196 A2 



6 



III material. When the V/Hl ratio is 30, 1 mo! of Group III 
atoms are supplied while 30 mol of Group V atoms are 
supplied. The V/lll ratio is selected to be preferably in a 
range of from 30 to 80, both inclusively, more preferably 
in a range of from 40 to 70, both inclusively, further pref- 
erably in a range of from 50 to 60, both inclusively. If the 
V/lll ratio is lower than 30, a large number of cracks oc- 
cur. It is conceived that the reason is that stress is hardly 
concentrated during epitaxial growth as well as the me- 
chanical strength of the semiconductor crystal A varies 
because vacancies of Group V, that is, mainly of nitro- 
gen are generated in the semi conductor crystal A on 
the basis of shortage of supply of Group V, that is, mainly 
of nitrogen. If the V/lll ratio is higherthan 80, the amount 
of Group V that is, mainly of nitrogen becomes so ex- 
cessive that the growth of the semiconductor crystal A 
becomes slow because a waste of the Group V material, 
that is, mainly of the nitrogen material occurs as well as 
appropriate lateral and vertical epitaxial growth is not 
obtained. 

[0020] As second means, the thicl<ness of the semi- 
conductor crystal A in the crystal growing step in the first 
means is not smaller than 50 jim. The thickness of the 
target somiconductor crystal A subjected to crystal 
growth Is preferably selected to be not smaller than 
about 50 |4.m. As the thickness increases, the semicon- 
ductor crystal A can be strengthened and the shear 
stress can be concentrated onto the non -etched por- 
tions more easily. Because the peeling phenomenon 
can be generated on the basis of the difference in lattice 
constant by these functions even in a high-temperature 
state during the crystal growth, stress caused by the dif- 
ference in thermal expansion coefficient little acts on the 
semiconductor crystal A after peeling. Accordingly, dis- 
locations and cracks can be prevented, so that a high- 
quality semiconductor crystal: A .(e.g., GaN single crys- 
tal) can be obtained. More preferably, the thickness of 
the sembonductor crystal A is selected to be not smaller 
than 70 |xm. 

[0021] As third means, in the first or second means, 
the semi conductor crystal A and the starting substrate 
are cooled or heated to generate stress based on the 
difference between the thermal expansion coefficient of 
the semiconductor crystal A and the thermal expansion 
coefficient of the starting substrate to break the non- 
etched portions by the stress. That Is, the breaking 
(peeling) may be performed by stress (shear stress) 
based on the difference between the thermal expansion 
coefficient of the semiconductor crystal A and the ther- 
mal expansion coefficient of the starting substrate. Ac- 
cording to this means, particularly when the semicon- 
ductor crystal A is fomied to have a thickness of not 
smaller than 60 ^m, the semiconductor crystal A and the 
starting substrate can be separated from each other 
surely while the crystalllnity of the semiconductor crystal 
A is kept high. 

[0022] As fourth means, in any one of the first to third 
means, the seed monolayer or the uppermost layer of 



the seed multilayer is made of gallium nitride (GaN). As 
a specific composition of the semiconductor crystal A, it 
is conceived at present that gallium nitride (GaN) most 
suitable for a semiconductor crystal growth substrate 

5 and very useful has the highest value in Industrial use. 
Accordingly, In this case, when the seed monolayer or 
the uppennost layer of the seed multilayer Is made, of 
gallium nitride (GaN), the crystal growth of the target 
semiconductor crystal A (GaN single crystal) can be per- 

10 formed best. Incidentally, AIGaN, AIGaInN or the like 
may be selected as a more specific composition of the 
semiconductor crystal A because it is a matter of course 
that the value of AIGaN, AIGaInN or the like in industrial 
use is high. Also when AIGaN, AIGaInN or the like is 

IS selected, the seed monolayer or the uppermost layer of 
the seed multilayer is preferably made of. a semicon- 
ductor (Group III nitride compound semiconductor) rel- 
atively near or substantially equal In composition to the 
target single crystal (semiconductor crystal layer A). 

20 [0023] As fifth means, in any one of the first to fourth 
means, the seed monolayer or the lowermost layer of 
the seed multilayer is made of aluminum nitride (AIN). 
Accordingly, because a so-called buffer layer can be 
made of aluminum nitride (AIN), a known function based 

^5 on lamination of the buffer layer (AIN) can be obtained. 
That is, a known functional theory that stress caused by 
the difference in lattice constant and acting on the target 
semiconductor crystal layer A can be relaxed makes It 
easy or possible to improve the crystallinity of the target 

30 semiconductor crystal layer A. 

[0024] According to this means, stress between the 
A1 N buffer layer and the starting substrate can be made 
higher, so that the starting substrate can be separated 
more easily. The multilayer structure of the seed layer 

35 is very effective in obtaining the aforementioned func- 
tion and effect sufficiently. For example, the seed layer 
may be formed from two layers including an AIN buffer 
layer (first seed layer) as its lower layer, and a GaN layer 
(second seed layer) as its upper layer. According to this 

40 combination, the functions and effects of the fourth and 
fifth means can be obtained simultaneously. 
[0025] As sixth means, In any one of the first to fifth 
means, the Interval for arrangement of the non-etched 
portions in the non-etched portion forming step is select- 

45 ed to be In a range of from 1 |xm to 60 |im, both inclu- 
sively. More preferably, the Interval for arrangement of 
the non-etched portions is selected to be In a range of 
from about 5 |xm to about 30 ^.m though it depends on 
the condition for carrying out crystal growth . I ncidentally, 

50 the term "interval for arrangement" means the distance 
between centers of adjacent ones of the non-etched 
portions. 

[0026] By this means, trough portions between the 
non-etched portions can be covered with the semicon- 
55 ductor crystal A. If the interval is too large, the trough 
portions between the non-etched portions cannot be 
surely covered with the semiconductor crystal A so that 
good-quality crystal (semiconductor-crystal A) of uni- 



5 



BNSDOCJD: <EP , 138519eA2J..> 



7 



EP1 385 196 A2 



8 



form crystallinity cannot be obtained. If the interval is 
further too large, displacement In crystal orientation be- 
comes remarkable, undesirably. 
[0027] When S Is the lateral thickness, width oi .Mam- 
eter of the top portion of each non-etched portion and L 
is the interval for arrangement (arrangement period) , the 
value of S/L is preferably selected to be In a range of 
from about 1/4 to about 1/6. By this setting, the epitax- 
lally lateral growth (ELO) of the required semiconductor 
crystal A can be accelerated sufficiently to obtain a high- 
quality single crystal. When W (--L-S) is the distance be- 
tween facing side walls of adjacent ones of the non- 
etched portions, each region between the facing side 
walls (that is, each region including an etched concave 
portion and its upper portion) may be hereinafter re- 
ferred to as "wing". The width S of each non-etched por- 
tion-may be hereinafter referred to as "seed width". Ac- 
cordingly, the ratio S/W of the seed width to the wing 
widlh is preferably selected to be in a range of from 
about 1/3 to about 1/5. 

[0028] Preferably, the etching is performed so that the 
non-etched portions are arranged at approximately reg- 
ular intervals or at approximately fixed periods. As a re- 
sult, the growth condition for lateral growth becomes ap- 
proximately uniform as a whole, so that the crystallinity 
or grown film thickness can be prevented from becom- 
ing uneven. Because local variation can be prevented 
until the trough portions between the non-etched por- 
tions are covered with the semiconductor crystal A com- 
pletely, accurate, early, and unique decision of the tim- 
ing for changing the crystal growth method can be made 
easily when the crystal growth method is changed part- 
way from a crystal growth method slow in crystal growth 
rate to a crystal growth method high in crystal growth 
rate. Furthermore, by this means, the shear stress can 
be divided into the non-etched portions approximately 
equally. Accordingly, all the non-etched portions are bro- 
ken evenly, so that the starting substrate and the semi- 
conductor crystal A can be separated from each other 
surely. 

[0029] Accordingly, for example, the non-etched por- 
tions may be formed as striped mesa portions so that 
the striped mesa portions are arranged isotropically at 
regular intervals. The formation of such non-etched por- 
tions has a merit that it can be performed easily and 
surely In view of the present situation of the level of ex- 
isting general etching technology. In this case, the di- 
rection of mesa (non -etched portions) may be preferably 
<1-100> or <11-20> of semiconductor crystal. 
[0030] A method in which the non-etched portions are 
formed on lattice points of a two-dimensional triangular 
lattice based on nearly equilateral triangles 0.1 ^im or 
more on a side is also effective. According to this meth- 
od, the area of contact with the starting substrate can 
be reduced, so that the starting substrate can be sepa- 
rated easily as well as the number of dislocations can 
be reduced surely on the basis of the aforementioned 
function. 



[0031] A method in which the lateral sectional shape 
of each non-etched portion is formed Into a nearly equi- 
lateral triangle, a nearly regular hexagon, nearly a circle, 
or a quadrangle is also effective. By this method, the 
5 directions of crystal axes of portions of the crystal 
formed of the Group III nitride compound semiconductor 
are apt to be equal or the lateral length (thickness) of 
the non-etched portions can be limited to be substan- 
tially uniform with respect to any lateral direction. As a 
10 result, the number of dislocations can be suppressed. 
Particularly; a regular hexagon or an equilateral triangle 
may be more preferably selected because the shape of 
the regular hexagon or the equilateral triangle can be 
easily matched with the crystal structure of the semicon- 
15 ductor crystal. On the other hand, a circle or a quadran- 
gle has a merit that the shape of the circle or the quad- 
rangle can be fomned easily from the point of view of 
manufacturing technique in view of the present situation 
of the level of existing general etching technology, 
20 [0032] As seventh means, the starting substrate is 
etched by 0.01 \vnn or deeper. When up to part of the 
starting substrate is etched as described above, it is 
easy to form a "cavity" on a side of each non-etched 
portion as well as it is easier to flatten the surface (crys- 
25 tal growth surface) of the target semiconductor crystal 
A in the following crystal growing step. As the "cavities" 
are formed largely, stress (shear stress) can be concen- 
trated onto the non-etched portions easily. 
[0033] As eighth means, in any one of the first to sev- 
30 enth means, the lateral thickness, width or diameter of 
each of the non-etched portions in the non-etched por- 
tion forming step is selected to be in a range of from 0.1 
^m to 20 ^m, both Inclusively. More preferably, the lat- 
eral thickness, width or diameter of each of the non- 
35 etched portions is selected to be In a range of from about 
0.5 i-im to about 1 0 \im though it depends on the condi- 
tion for carrying out the crystal growth. If the thickness 
is too large, the influence of stress acting on the semi 
conductor crystal A becomes large on the basis of the 
40 difference in lattice constant so that the number of dis- 
locations in the semiconductor crystal A is apt to in- 
crease. If the thickness Is too small, the non-etched por- 
tions per se can be hardly fomned or the crystal growth 
rate b of the top portions of the non-etched portions be- 
45 comes low, undesirably. 

[0034] Furthermore, If the lateral thickness, width or 
diameter of each of the non-etched portions is too large 
when the non-etched portions are to be broken by stress 
(shear stress), the non-etched portions cannot be bro- 
50 ken surely, undesirably, because the area of contact 
with the starting substrate becomes large. The influence 
of stress acting on the semiconductor crystal A on the 
basis of the difference in lattice constant depends not 
only on the lateral thickness (length) of each of the non- 
55 etched portions but also on the interval for arrangement 
of the non-etched. portions. If these setting ranges are 
unsuitable, the influence of stress based on the differ- 
ence in lattice constant becomes so large that the 
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number of dislocations in the semiconductor crystal A is 
apt to Increase undesirably. 

[0035] Furthermore, because there Is an optimal val- 
ue or a proper range In the lateral thickness, width or 
diameter of each of the top portions of the non-etched 
portions as described above, the shape of the top sur- 
face, the bottom surface orthe lateral section of each of 
the non-etched portlons.may be fomied as an at least 
locally closed shape (island shape). Preferably the 
shape may be formed as an outward convexly closed 
shape. More preferably, the shape of the top surface, 
the bottom surface or the lateral section of each of the 
non-etched portions may be formed as nearly a circle 
or a nearly regular polygon. By this setting, the optimal 
value or the proper range can be achieved easily and 
surely with respect to any lateral direction. 
[0036] As ninth means, in any one of the first to eighth 
means, there is further provided the rest removing step 
of removing the broken rest of the no n -etched portions 
remaining on a rear surface of the semiconductor crystal 
A by a chemical or physical process such as etching at 
least after the separating step. 

[0037] According to this means, when an electrode for 
a semiconductor light-emitting element or the like is 
formed on a rear surface of the semiconductor crystal 
A (a surface from which the starting substrate is sepa- 
rated), electric current irregularity and electric resist- 
ance generated In the neighborhood of the interface be- 
tween the electrode and the semiconductor crystal A 
can be suppressed. Accordingly, reduction In drive volt- 
age or improvement in light-emitting intensity can be at- 
tained. 

[0038] Furthermore, when the electrode is also used 
as a reflecting mirror for a semiconductor light-emitting 
element or the like, absorption or scattering of light is 
reduced nearthe mirror surface because the broken rest 
of the non-etched portions is removed. As a result, re- 
flectance is improved, so that light-emitting intensity Is 
improved. When, for example, the rest removing step Is 
perfomned by a physical process such as polishing, up 
to the buffer layer on the rear surface of the semicon- 
ductor crystal A can be removed or the flatness of the 
rear surface of the semiconductor crystal A can be Im- 
proved. Accordingly the function and effect such as 
suppression of electric current irregularity and electric 
resistance or reduction in absorption or scattering of 
light near the mirror surface can be strengthened more 
greatly. 

[0039] Incidentally, the process may be a heating 
process, When the sublimation temperature of the por- 
tions to be removed is lower than the sublimation tem- 
perature of the target semiconductor crystal A, the un- 
necessary portions can be also removed by a heating 
process or by laser irradiation. 

[0040] As tenth means, there is provided a Group III 

nitride compound semiconductor light-emitting element 
in which a semiconductor crystal produced by a semi- 
conductor crystal producing method according to any 



one of the first to ninth means is used as a crystal growth 
substrate. According to this means, it Is possible or easy 
to produce a Group HI nitride compound semiconductor 
light-emitting element from a semiconductor good in 

5 crystallinity and low in internal stress. 

[0041] As eleventh means, there is provided a Group. 
Ill nitride compound semiconductor light-emitting ele- 
ment produced by crystal growth in which a semicon- 
ductor crystal produced by a semiconductor crystal pro- 

10 ducing method according to any one of the first to ninth 
means is used as a crystal growth substrate. According 
to this means, it is possible or easy to produce a Group 
ill nitride compound semiconductor light-emitting ele- 
ment from a semiconductor good In crystallinity and low 

^5 in internal stress. 

[0042] Incidentally, when the seed layer is provided 
as a multilayer, a buffer layer of "AI^Ga-j.^N (0<x<1)" is 
preferably formed as the first laminated semiconductor 
layer. Incidentally, an intermediate layer provided sepa- 

20 rately from the buffer layer and having substantially the 
same composition (e.g., AIN or AIGaN) as the buffer lay- 
er may be laminated periodically or alternately with the 
other layer or so as to form a multilayer structure. By the 
lamination of the buffer layer (or the intcrmcdiato layer), 

25 Stress caused by the difference in lattice constant and 
acting on the semiconductor crystal A can be relaxed. 
That is, crystallinity can be improved on the basis of the 
same functional theory as in the related art. 
[0043] When the starting substrate and the semi con- 
so ductor crystal A are cooled in the separating step, there 
is preferably used a method in which the starting sub- 
strate and the semiconductor crystal A are cooled to ap- 
proximately the ordinary temperature at a cooling rate 
of "from -1 OCC/min to -0.5**C/min" approximately in the 

35 condition that the starting substrate and the semicon- 
ductor crystal A are left In a reaction chamber of a growth 
apparatus while an approximately fixed flow rate of am- 
monia (NH3) gas is imported into the reaction chamber. 
For example, by this method, the separating step can 
be performed surely while the crystallinity of the semi- 
conductor crystal A is kept stable and good. 
[0044] According to the means of the invention, the 
problem can be solved effectively or reasonably. 
[0045] The Invention will be described below on the 

^5 basis of a specific embodiment thereof. Incidentally, the 
invention is not limited to the following embodiment. 
[0046] in this embodiment, a seed layer (Group III ni- 
tride compound semiconductor) as a laminate of a first 
seed layer (AIN buffer layer 1 02) and a second seed lay- 
er (GaN layer 1 03) was formed by vapor phase growth 
according to a metal organic vapor phase epitaxy meth- 
od (hereinafter referred to as "MOVPE") . The gases 
used in the vapor phase growth were ammonia (NHs), 
carrier gas (Hg or Ng), thmethyl gallium (Ga(CH3)3, here- 

55 inafter referred to as 'TMG"), and trimethyl aluminum 
(AI(CH3)3, hereinafter referred to as 'TMA"). 
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1 . Seed Laminating Step: 

[0047] Figs. 1 A to 1 D are typical sectional views of a 
semiconductor crystal for explaining a process tor pro- 
ducing a semiconductor crystal according to this em- 
bodiment. First, a sapphire substrate 101 (starting sub- 
strate) about 250 thick and 1 inch square was 
cleaned by means of organic cleansing and heating 
(baking). In the condition that a face a of the single-crys- 
tal starting substrate 1 01 was used as a crysta! growth 
surface, 10 l/min of Hg, 5 l/min of NH3 and 20 jimol/mln 
of TMA were supplied for performing crystal growth to 
obtain an AIN buffer layer 1 02 (first seed layer) about 
200 nm thick. Incidentally, the temperature used for the 
crystal growth in this case was about 400*^0, 
[0048] The sapphire substrate 1 01 was further heated 
to 1000°C. In this condition, 20 l/min of Hg, 10 l/min of 
NH3 and 300 jimol/min of TMG were introduced for 
forming a GaN layer 103 (second seed layer) about 1 .5 
Jim thick (Fig. 1A). 

2. Non-Etched Portion Forming Step: 

[0049] Then, a hard-bakc resist mask was used so 
that striped non-etched portions arranged at intervals of 
L ^20 |im were formedby selective dry etching using 
reactive ion etching (RIE) (Fig. 1B). That is, the sub- 
strate was etched by about 0.1 |.tm depth in the form of 
stripes with a stripe width (seed width S) of about 5 \im 
and a wing width W of about 1 5 [xm to thereby fomn non- 
etched portions each substantially shaped like a rectan- 
gle in sectional. The resist mask was formed so that the 
side wall of each of the striped non-etched portions 
would be provided as a {11-20} face of the GaN layer 
103 (second seed layer). By this etching, the striped 
non-etched portions were formed substantially periodi- 
cally so that the seed layer being a laminate of the GaN 
layer 1 03 (second seed layer) and the A1 N buffer layer 
1 02 (first seed layer) was provided as a flat top portion 
of each of the striped non-etched portions. As a result, 
part.of the sapphire substrate 101 was exposed in 
trough portions of wings. 

3. Crystal Growing Step: 

[0050] Then, exposed surfaces of the striped non- 
etched portions were used as initial crystal growth sur- 
faces so that a target semiconductor crystal A as a GaN 
single crystal was formed by an HVPE method. 
[0051 ] The target semiconductor crystal A was finally 
grown to have a thickness of about 250 |u.m. At the initial 
stage of the crystal growth, GaN was grown both later- 
ally-and vertically, After respective GaN crystal portions 
were once connected so as to be flattened to a series 
of nearly flat surfaces, the GaN crystal was grown ver- 
tically. A lateral HVPE apparatus was used in the HVPE 
method. Ammonia (NH3) was used as a Group V mate- 
rial. GaCI prepared by reaction of Ga and HCI was used 



as a Group ill material. 

[0052] In this manner, after sides of the seed layer 
were filled with the GaN crystal mainly grown laterally 
epitaxially, the target semiconductor crystal A (GaN sin- 

5 gle crystal), having a required thickness was obtained 
by vertical growth (Fig. 1C). Incidentally, in Fig. 1C, the 
reference sign R designates a "cavity". Incidentally, in 
the condition, when the thickness of GaN exceeds 250 
^m, peeling is observed near the AIN buffer layer 102 

10 (first seed layer) in the crystal growing step. The peeling 
is caused by the difference between lattice constants. 
Accordingly, the following separating step can be omit- 
ted. In this case, because peeling can be performed at 
a high temperature, defects can be prevented from be- 

^5 ing caused by the difference between themnal expan- 
sion coefficients at the time of cooling. 

4, Separating Step: 

20 [0053] The semiconductor crystal A was cooled slow- 
ly from HOO^'C to approximately the room temperature 
at a cooling rate of 1 .S^C/min. As a result, peeling oc- 
curred near the AIN buffer layer 102 (first seed layer) , 
so that the semiconductor crystal A (GaN single crystal) 

25 having a required thickness was obtained independent 
of the starting substrate 1 01 (Fig. 1D), 
[0054] Semiconductor crystals A obtained when the 
V/lll ratio was changed in the "3. crystal growing step" 
were evaluated as follows. 

30 

Case Of V/lll ratio of 20 

[0055] Supply amounts were 50 seem (standard cubic 
centimeters) of HCI, 1000 seem of NH3 and 6000 seem 
35 of carrier gas. In this case, a large number of cracks 
were obsen/ed. 

Case of V/lll ratio of 30 

40 [0056] Supply amounts were 50 seem (standard cubic 
centimeters) of HCI, 1500 seem of NH3 and 5500 seem 
of earner gas. In this case, the upper surface of the sem- 
iconductor crystal A was substantially a mirror surface 
but a small number of cracks were observed. 

45 

Case of V/lll ratio of 40 

[0057] Supply amounts were 50 seem (standard cubic 
centimeters) of HCI, 2000 seem of NH3 and 5000 seem 
so of carrier gas. In this case, the upper surface of the sem- 
iconductor crystal A was substantially a mirror surface 
and there was no crack observed. 

Case of V/lll ratio of 50 

55 

[0058] Supply amounts were 50 seem (standard cubic 
centimeters) of HCI, 2500 seem of NH3 and 4500 seem 
of can-ler gas. In this case, the upper surface of the sem- 
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fconductor crystal A was substantially a mirror surface 
and there was no crack observed. 
[0059] Incidentally an internnediate layer provided 
separately from the buffer layer and having substantially 
the same composition (e.g., AIN or AIGaN)asthat of the 
buffer layer may be laminated periodically or alternately 
with the other layer or so as to form a multilayer struc- 
ture. By the lamination of the buffer layer (or the inter- 
mediate layer), stress caused by the difference in lattice 
constant and acting on the semiconductor crystal A can 
be relaxed. That is, crystallinity can be improved on the 
basis of the sanne functional theory as in the related art. 
[0060] When the starting substrate and the semicon- 
ductor.crystal A are cooled in the separating step, there 
may be also used a method in which the starting sub- 
strate and the semiconductor ciystal A are cooled to ap- 
proximately the ordinary temperature at a cooling rate 
of "from -1 00**C/mln to -0.5**C/min" approximately in the 
condition thai the starting substrate and the semicon- 
ductor crystal A are left in a reaction chamber of a growth 
apparatus while an approximately fixed flow rate of am- 
monia (NH3) gas is imported into the reaction chamber 
If the cooling rate is too high, there is fear that breaks 
or cracks may occur in the semiconductor crystal A. 
[0061] This invention is not at all limited to the descrip- 
tion of the mode for carrying out the Invention. This in- 
vention includes various modifications that can be con- 
ceived easily by those skilled in the art. without depart- 
ing from the scope of claim. 

[0062] It Is explicitly stated that all features disclosed 
in the description and/or the claims are Intended to be 
disclosed separately and independently from each other 
for the purpose of original disclosure as well as for the 
purpose of restricting the claimed invention independent 
of the compositions of the features in the embodiments 
and/or the claims. It is explicitly stated that all value 
ranges or indications of groups of entities disclose every 
possible intermediate value or intermediate entity for the 
purpose of original disclosure as well as for the purpose 
of restricting the claimed invention. 



Claims 

1. A method of producing a semiconductor crystal of 
a Group III nitride compound semiconductor and in- 
dependent of a starting substrate, said method 
comprising: 

laminating a seedmonolayer or multilayer on 
said starting substrate; 

chemically or physically etching part of a soed 
layer-fomiing surface of said starting substrate 
to thereby partially or dispersively leave said 
seed Layer as non-etched portions on said 

starting substrate; 

growing said semiconductor crystal on ex- 
posed surtaces of said non-etched portions of 



said seed layer as Initial crystal growth surfaces 
for starting growth of said semiconductor crys- 
tal until said crystal growth surfaces are con- 
nected to one another by crystal growth so as 

5 to be provided as at least one series of approx- 

imately flat surfaces; and 
breaking said non-etched portions to thereby 
separate said semiconductor crystal from said 
starting substrate; 

10 wherein the crystal growing step is performed 

by a halide vapor phase epitaxy method in the 
condition that supply ratio of a Group V material 
to a Group Ml materia! is in a range of from 30 
to 80, both inclusively. 

15 

2. A method of producing a semiconductor crystal ac- 
cording to claim 1 , wherein a thickness of said sem- 
iconductor crystal In the crystal growing step Is not 
smaller than 50 ^.m. 

20 

3. A method of producing a semiconductor crystal ac- 
cording to claim 1 , wherein said semiconductor 
crystal and said starting substrate are cooled or 
heated to generate stress based on a difference be- 

25 tween a thermal expansion coefficient of said sem- 
iconductor crystal and a thermal expansion coeffi- 
cient of said starting substrate to break said non- 
etched portions by said stress. 

30 4. A method of producing a semiconductor crystal ac- 
cording to claim 1 , wherein said seed monolayer or 
an uppermost layer of said seed multilayer is made 
of gallium nitride (GaN) . 

35 5. A method of producing a semiconductor crystal ac- 
cording to claim 1 , wherein said seed monolayer or 
a lowermost layer of said seed multilayer Is made 
of aluminum nitride (AIN) , 

40 6. A method of producing a semiconductor crystal ac- 
cording to claim 1 , wherein an interval for arrange- 
ment of said non-etched portions in the non-etched 
portion forming step is selected to be in a range of 
from 1 to 50 ^im, both inclusively 

45 

7. A method of producing a semiconductor crystal ac- 
cording to claim 1 , wherein said starting substrate 
Is etched by 0.01 jim or deeper In the non-etched 

portion forming step. 

30 

8. A method of producing a semiconductor crystal ac- 
cording to claim 1 , wherein a lateral thickness, width 
or diameter of each of said non -etched portions in 
the non-etched portion forming step is selected to 

55 be in a range of from 0.1 jxm to 20 ^m, both inclu- 
sively. 

9. A method of producing a semiconductor crystal ac- 
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cording to claim 1 , further comprising the rest re- 
moving step of removing the broken rest of said 
non-etched portions remaining on a rear surface of 
said semlconductor.crysta! by a chemical or physi- 
cal process such as etching at least after the sepa- 5 
rating step. 

10. A Group III nitride compound semiconductor light- 
emitting element in which a semiconductor crystal 
produced by a semiconductor crystal producing io 
method according to claim 1 is used as a crystal 
growth substrate. 

11. A Group III nitride compound semiconductor light- 
emitting element produced by crystal growth in i^ 
which a semiconductor crystal A produced by a 
semiconductor crystal producing method according 

to claim 1 Is used as a crystal growth substrate. 

20 
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